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Description 

FIELD OF THE INVENTION 



room 1 The present Invention relates to a high reliability aqueous Ink which provides prints having an excellent light- 
resistance and print quality, exhibits a high storage stability and an excellent reliability In ejection and doesn't clog 
nozzle particularly when used as an Ink for ink Jet recording. 

[0002] The present Invention also relates to an aqueous Ink for Ink jet recording which can provide prints having an 

m^^umM Invention further relates to a high reliability aqueous ink which provides prints having an excellent 
light-resistance and print quality, exhibits a high liquid stability and an excellent storage stability and doesntdog nozzle 
particularly when used as an Ink for Ink Jet recording. 
[0004] Thepresentlnventionfunlierrelatestoan^ 
light-resistance and a high quality. 

DESCRIPTION OF RELATED ART 

f00051 In an Ink Jet recording method, an Ink droplet Is directly ejected from a very fine nozzle onto a recording 
medium so that ft is attached thereto to obtain letters and images. Referring to principle of operation, this recording 
method can be carried out by various methods such as deflection method, cavity method, thermojet method, bubble 
lei i method and thermal Ink Jet method. However. In any ink Jet recording method. Ink droplets must^continuously 
and stably ejected from a fine nozzle. Therefore, the Inkjet recording Ink Is required to prevent itself frwn clogging ft e 
nozzle In addition to being excellent In various properties such as storage stability, reliability in ejection and print quality 

» roOW]^ In revert yeare,'an InkJet printer has widely spread. An Inkjet recording method can print a high fidelity image 
with a high resolution at a high speed using a relatively inexpensive apparatus. In particular, a color Ink Jet r^rdlng 
apparatus can form images with an enhanced quality and can be used also as a photographic outputi machine. The 
color ink let recording apparatus has been used even as digital printer, plotter. CAD output device, etc. Images thus 
printed by the Ink Jet recording printer which has found wide application can be used In various ways. For example, 

so Shotographgradeprintearepossiblyprt 

ouSoorover an extended period of time. Accordingly, ilght-reslslance is one of extremely Import^^lrementofor 
Ink composition for use In InkJet recording. It is also desired In the art of photograph grade printing that the Image thus 
formed has so high a quality that it has little running and a good color development . nrfloflhlIHv Bnd 

r0O071 Further as an aqueous Ink there Is mainly used an aqueous dye Ink from the standpoint of handleaWIKy and 

35 color reproducibility. However, such an aqueous ink comprises photosensitive optical deterioratlon-lnftlaUng fadors 
Incorporated In the colorant or solvent constituting the Ink and thus Is disadvantageous in that the colorant undergoes 
photo-oxidation and hence so-called photo-deterloratlon such as discoloration. Accordingly, the prints obtained by Ink 
let recording with such an ink exhibit a deteriorated light-resistance and thus is disadvantageous in ttiatthey are subject 
to disappearance of recorded letters or discoloration of recorded images In a relatively short period of time even when 

40 oosted on the wall or under any other ordinary conditions. 

[0008] in order to solve the foregoing problems, ft has been heretofore practiced to incorporate a Hght-ms^ance 
improver such as ultraviolet absorber, light-stabilizer and oxidation Inhibitor in a dye Ink. For example, It Is disclosed 
In 'Dyes and Pigments 19". 1992. pp. 235 - 247. that the Incorporation of 2.2.6.64etramethyl-4-hydroxyplper«lne- 
1 -oxvl as a hindered amtne-based light-stabilizer in an aqueous solution containing a dye makes it possible to prevent 

43 photo-deterioration of the dye. JP-A-1 1-1 70686 (The term "JP-A" as used herein means ^ "unexa^ln^ub^hed 
Japanese patent application-), which was filed after the issue of the above cited reference (^"^f*^,^- 
aSZHe i technique which comprises incorporating a specific compound (2^.6.6-tetrameftyl^hjrdroxyptoerldlne. 
1-oxyl as mentioned above or derivative thereof) in an aqueous recording solution for InkJet recording containinga 
water-soluble dye to stabilize the water-soluble dye. The foregoing compound acts to-capture radicals such as R (alky! 

so radical) produced by optical excitation of a carbonyl compound or the like and ROO (peroxide radical) produced by 
the reaction of R with oxygen In the air to stop the progress of photo-oxidation reaction of the colorant and hence Inhibit 
ohoto-deterioratlon thereof and thus is effective as a light-resistance improver. 

[00091 Although the foregoing aqueous recording solution for Ink Jet recording, even If ft comprises the foregoing 
specific compound effective as a light-resistance Improver, can provide prints of letters and/or images having Improved 
properties It is disadvantageous In that it Is subject to disappearance of recorded letters or discoloration of recorded 



[OOloT 'liletoregdSg aqueous recording solution for InkJet recording also exhibits a deteriorated print quality, storage 
stability and reliability in ejection and a low reliability and thus can dog the nozzle particularly during InkJet recording. 
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[0011] The foregoing aqueous recording solution for ink Jet recording also exhibits a low liquid stability and a dete- 
riorated storage stability and thus can clog the nozzle during InkJet recording. 

[0012] Since an InkJet recording printer forms droplets by applying pressure to a liquid Ink, the ink ejection pressure 
can be absorbed by the Ink, If bubbles or- bubble-nuclei are present therein, occasionally disabling the Ink from being 
ejected from the nozzle. 

[0013] The production of bubbles or bubble nuclei in the ink passage of the printer can be caused by the entrance 
of bubbles from the Ink supply portion or from the nozzle portion of the printing head. In the former case, the ink is 
bubbled during its preparation or use to produce bubbles therein. In order to overcome this case of trouble, It is devised 
to deaerate the ink during preparation and then put It In a vessel having a low air permeability so that the entrance of 
air into the Ink can be inhibited. In order co prevent the entrance of air from the connection between the Ink tank and 
the supply inlet, the connection is sealed with a rubber packing or the like to enhance the alrtlghtness of the passage. 
In the latter case, on the other hand, the entrance of bubbles due to destruction of ink meniscus in the nozzle portion 
can be a main cause. The cause of destruction of Ink meniscus can be impact or scanning by the printing head. In 
order to prevent these troubles, It can be proposed to enhance the surface tension and Impact resistance of an Ink. 
However, such an Ink having an enhanced surface tension and Impact resistance penetrates Into the recording medium 
at a reduced rate, occasionally exerting fatal effects on image quality, e.g., deteriorated print quality such as blurred 
profile In color Image. It has thus been desired to provide an aqueous ink which can be prevented from being bubbled 
without raising Its surface tension for the purpose of giving an excellent print stability while maintaining desired print 
quality. 

SUMMARY OF THE INVENTION 

[0014] It Is therefore an object of the present Invention to provide a high reliability aqueous Ink which provides prints 
having an excellent light-resistance and print quality, exhibits a high storage stability and an excellent reliability In 
ejection and doesnt clog nozzle particularly when used as an ink for Ink Jet recording. 

[0015] It is another object of the present Invention to provide an aqueous Ink capable of providing prints which are 
so excellent In light-resistance that they are not subject to disappearance of recorded letters or discoloration of recorded 
images for a long period of time. 

[0016] It Is a further object of the present invention to provide a high reliability aqueous ink which provides prints 
having an excellent light-resistance and print quality, exhibits a high liquid stability and an excellent storage stability 
and doesn't clog nozzle particularly when used as an Ink for ink Jet recording. 

[0017] It is a still further object of the present Invention to provide an aqueous Ink for Ink Jet recording which can 
realize a recorded image excellent in light-resistance and Image quality and can hardly be bubbled. 
[0018] The inventors made extensive studies of aqueous Ink comprising at least a colorant, a water-soluble organic 
solvent and a specific compound as a light-stabilizer. As a result It was found that the reason why the aqueous recording 
solution for ink Jet recording described in the aboveclted publication (see paragraphs [0068], [0069] and [0076]) exhtolts 
deteriorated storage stability, reliability in ejection and print quality and clogs nozzle Is attributed to the fact that It is 
quite free of low volatility component. However, it was also found that such a low volatility component, If used exces- 
sively, produces much radicals, lessening the light-resistance which has been attained with much efforts. Further stud- 
ies were made on the basis of these findings. As a result, It was found that the Incorporation of a low volatility component 
In an aqueous ink In a specific proportion makes It posstole to assure that the aqueous ink can be prevented from 
clogging the nozzle during InkJet recording without lessening Its excellent light-resistance (finding A). 
[0019] The Inventors also made extensive studies of aqueous Ink comprising at least a colorant, water as a main 
solvent and a specific compound as a light-stabilizer. As a result, It was found that the reason why the prints of letters 
and/or Images formed by the aqueous recording solution for InkJet recording described in the above cited publication 
(see paragraphs [0068], [0069] and [0076]) are subject to disappearance of recorded letters or discoloration of recorded 
images with time Is attributed to the colorant incorporated. As a result of further studies, It was also found that the use 
of a colored substance free of azo group as the colorant to be Incorporated in the aqueous ink makes it possible to 
obtain an ink composition which can provide prints having an excellent light-resistance (finding B). 
[0020] The inventors also make extensive studies of aqueous ink comprising at least a colorant, water as a main 
solvent and a specific compound as a light-stabilizer. As a result, it was found that the recording solution having an 
excellent light-resistance described in the above cited publication (see paragraphs [0068], [0069] and [0076D exhtolts 
a low liquid stability and a deteriorated storage stability and causes nozzle clogging during Inkjet recording is attrtouted 
to the metals and metal Ions contained as impurities in the specific compound. As a result of further studies, It was 
also found that when these impurities are removed from the specific compound to enhance the purity thereof, the liquid 
stability of the recording solution can be enhanced without lessening Its excellent light-resistance, making It assured 
that the recording solution can be prevented from clogging the nozzle during Ink Jet recording (finding C). 
[0021 ] The inventors further found that when a compound having a specific structure is incorporated in an aqueous 
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ink and the surface tension of the aqueous ink is predetermined to be not greater than 40 mN/m, the resulting prints 
can be provided with Improved light-resistance and Image quality and the aqueous Ink can be prevented from being 
excessively bubbled as in ordinary Inks (finding D). 

100221 The present Invention has been worked on the basis of the foregoing finding A. The present Invention provides 
an aaueous Inkcomprising at least a colorant, a water-soluble organic solvent and a compound represented by general 
formula (I) shown below, wherein the water-soluble organic solvent stays liquid at a temperature of not higher than 
40»C exhibits a water solubility of not lower than 1% by weight at a temperature of 20*C and a saturated vapor pressure 
of not higher than 1 .7 Pa at a temperature of 20»C and Is contained in an amount of from 5 to 35% by weight 



X 



(I) 



wherein Y represents a nonmetalllc atom group required to form a 5- to 7-membered ring with C and N; X represents 
a hydrogen atom, oxyradlcal group, hydroxyl group, allcyl group, alkenyl group, alWnylgroup, aryl group, actf group, 
sulfonyl group, sulfinyl group, alkoxy group, aryloxy greup or acylox^ 

and each represent a hydrogen atom or allcyl group, with the proviso that any two of R 1 to R 4 and Y may be connected 
to each other to form a 5- to 7-membered ring. 

[00231 Further the present invention has been worked out on the basis of the foregoing finding B. The present 

Invention provides an aqueous Inkcomprising at least a colorant, water as a main solvent and a compound represented 

by the foregoing general formula (I), wherein the colorant is a colored substance free of azo group (hereinafter referred 

to as "second Invention''). ■ 

[00241 Further, the present Invention has been worked out on the basis of the foregoing finding C. The present 

invention provides an aqueous ink comprising at least a colorant, water as a main solvent and a compound represented 

by the general formula (I), wherein the total content of metals and metal Ions contained in the compound represented 

by the general formula (I) is not greater than 1 ,000 ppm (hereinafter referred to as third Invention"). 

[00251 Further, the present invention has been worked out on the basis of the foregoing finding D. The present 

Invention provides an aqueous ink for InkJet recording comprising a compound represented by the general formula (0 

and a colorant, wherein the surface tension thereof is not greater than 40 mN/m (hereinafter referred to as fourth 

mS]° n |n accordance with the aqueous ink of the first Invention, prints having an excellent light-resistance and print 
quality can be provided. Further, the aqueous ink of the first invention is an ink having a high storage stability, an 
excellent reliability In ejection and a high reliability which causes no nozzle clogging when used as an Ink for Ink Jet 
recording Thus, the aqueous Ink of the first Invention Is fairly used In Ink Jet recording method. 
[00271 In accordance with the aqueous ink of the second invention, prints having an excellent light-resistance can 
be provided. Further, the aqueous Ink of the second Invention is fairly used In InkJet recording in particular. 
[0028] In accordance with the aqueous ink of the third Invention, prints having an excellent light-resistance can be 
provided. Further, the aqueous ink of the third Invention is an ink having a high liquid stability and an excellent storage 
stability and having a high reliability which causes no nozzle clogging when used as an Ink for InkJet recording. Thus, 
the aqueous Ink of the first invention is fairly used in Ink Jet recording method. 

[0029] In accordance with the aqueous ink of the fourth invention, the incorporation of the compound represented 
by the foregoing general formula (I) makes it possible to remarkably improve the light-resistance of a recorded matter 
formed by the aqueous Ink. Further, since the aqueous ink of the fourth invention is predetermined to have a surface 
tension of not greater than 40 mN/m, it exhibits extremely good wetting properties and thus can easily penetrate Into 
a recording medium. Thus, when subjected to printing, the aqueous Ink of the fourth invention can provide a high quality 
recorded image with little running. This also makes it possible to effect photograph grade printing. Further, the com- 
pound represented by the foregoing general formula (I) has an effect of Inhibiting bubbling of the Ink. For the purpose 
of adjusting the surface tension of the aqueous Ink, the compound represented by the foregoing general formula (I) 
can inhibit excessive bubbling of the ink, which is a problem frequently caused by a commonly used penetrating agent 
such as surface active agent. Some colorants can undergo radical reaction to produce a gas such as nitrogen gas. 
The compound represented by the foregoing general formula (I) acts also as a radical polymerization Inhibitor and thus 
can presumably inhibit the generation of bubbles in the ink also. In other words, the aqueous ink of the fourth invention 
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can be also provided with an Improved printing stability. Accordingly, the fourth Invention makes it possible to further 
make clear the profile of color Image. 

DETAILED DESCRIPTION OF THE INVENTION 

[00301 The aqueous ink according to the first invention will be further described hereinafter. 
0031 The aqueous ink according to the first Invention comprises a colorant, a water-soluble organic solvent, and 
a compound represented by the foregoing general formula (1) incorporated therein as essential components. 
[00321 The foregoing water-soluble organic solvent stays liquid at a temperature of not higher than 40 C and exhibits 
a water solubility of not lower than 1 % by weight, preferably not lowerthan 5% by weight at a temperature of 20'C and 
a saturated vapor pressure of not higher than 1 .7 Pa, preferably not higher than 1 Pa in the form of single body at a 
temperature of 20°C. The foregoing water-soluble organic solvent is Incorporated In the aqueous Ink of the first Invention 
In an amount of from 5 to 35% by weight, preferably from 10 to 30% by weight 

[00331 In particular, it is preferred that the foregoing water-soluble organic solvent be incorporated in the aqueous 
Ink of the first Invention in an amount such that the weight ratio of the compound represented by the foregoing general 
formula (I) to the water-soluble organic solvent Is from 1 : 1 to 1 : 1 00, more preferably from 1 : 3 to 1: 80. 
[00341 The measurement of saturated vapor pressure can be normally accomplished by many methods. For a low 
volatilfty solvent such as the foregoing water-soluble organlcsolvent according to the first Invention, transpiration meth- 
od (gas flowing method) may be employed to measure more accurately. ..... 

[00351 The aqueous Ink of the first invention comprising the foregoing water-soluble organic solvent having the fore- 
aoing characteristics Incorporated therein In the foregoing predetermined amount Is an Ink which exhibits an exee lent 
storage stability, an excellent reliability in ejection and an excellent printing quality without lessening the excellent light- 
resistance provided by the compound represented by the foregoing general formula (I). In particular, when used as an 
Ink for ink Jet recording, the aqueous ink of the first Invention can be prevented from being dried, making It possible to 
prevent the clogging of nozzle securely. When the content of the foregoing water-soluble organic solvent falls below 
5% by weight the resulting aqueous ink exhibits deteriorated storage stability and ejection stability, making It Impossible 
to prevent the clogging of nozzle. On the contrary, when the content of the foregoing water-soluble organic solvent 
exceeds 35% by weight, the resulting aqueous ink has a source of radicals causing the photo-oxidation reaction of the 
colorant present therein In a large amount, making It Impossible to sufficiently enhance the light-resistance thereof 
even if a compound represented by the foregoing general formula (I) Is incorporated therein. 
[0036] Examplesofmeforegolngwater-solubleorganlcsolventemployableherein include glycerin. 1 ,5-pentanediol, 
and Methylene glycol. These water-soluble organic solvents may be used singly or In combination of two or more 
thereof. Particularly preferred among these water-soluble organic solvents Is glycerin. 

[00371 The compound represented by the foregoing general formula (I) to be incorporated In the aqueous Ink of the 
first invention stops the progress of photo-oxidation reaction of colorant to inhibit photo-deterioration thereof and thus 
is a so called light stabilizer. ^ u u ^ t 

[0038] In the foregoing general formula (I), Y forms a 5- to 7-membered ring with C and N to which It is bonded. 
Examples of the 5- to 7-member ring formed by C, N and Y include pyrrolidine ring, piperazine ring, morphollne ring. 

and piperidine ring. „. . 

[0039] In the foregoing general formula (I), X represents a hydrogen atom, oxyradrcal group, alkyl group, alkenyl 
group. alWnyl group, aryl group, acyl group, sutfonyl group, sulfinyl group, alkoxy group, aryloxy group, acyloxy group 
or hydroxy! group. 

[0040] In the foregoing general formula (I), the foregoing alkyl group represented by X Is preferably a C^-C^ alkyl 
group more preferably a alkyl group. Examples of the alkyl group represented by X Include methyl group, ethyl 
group' n-propyl group, Iso-propyl group, n-butyl group, t-butyl group, n-octyl group, benzyl group, and hexadecyl group. 
The foregoing alkenyl group represented by X Is preferably a CVC*, alkenyl group, more preferably a 0,-0^ alkenyl 
group Examples of the alkenyl group represented by X Include altyl group, and oleyl group. The foregoing alWnyl group 
represented by X Is preferably a C r C 6 lower alWnyl group such as ethinyl group. Examples of the foregoing aryl group 
represented by X Include phenyl group, and naphthyl group. Examples of the acyl group represented by X Include 
acetyl group, benzoyl group, and pentanoyl group. Examples of the foregoing sulfonyl group represented by X Include 
methanesulfonyl group, benzenesulfonyl group, and toluenesultonyl group. Examples of the foregoing sulflnyl group 
represented by X Include methanesulfinyl group, and benzenesutfinyl group. The foregoing alkoxy group represented 
by X Is preferably a C r C 8 alkoxy group. Examples of the alkoxy group Include methoxy group, ethoxy group, 1 -propoxy 
group, n-butoxy group, cydohexyloxy group, n-octyloxy group, t-octyloxy group, and benzyloxy group. Examples of 
the foregoing aryloxy group represented by X Include phenoxy group. Examples of the foregoing acyloxy group rep- 
resented by X Include acetyloxy group, and benzoyloxy group. These groups may have substltuents. Examples of 
these substltuents include sulfonyl group, carboxyl group, and hydroxyl group. In particular, X is preferably an oxyradlcal 
group. 
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renin m a oreferred embodiment of Implication of the first invention, the compound represented by the foregoing 



group: 




whereinwrepresentsawater-soluble group; and x.Y.tf.R'.R 3 and R*are as defined in the foregoing general formula 

iSo42l The foregoing water-soluble group Is more preferably anionic water-soluble group. An anionic wate^lubte 
Sis a group having a dissociative group having pKa of from not smaller than 1 to not 9 re * er »™J*^ ™ 
W i usS herein means the acid dissociation coefficient determined when a compound represented by the fore- 
ao^a Sne^formVta (I) is dissolved In a 6/4 mixture of tetrahydrofuran (THF) and water at room temperature. The 
£ vaiue ^Uheanionte water-soluble group Is more preferably from not smaller than 3 to not greater than 12, even 
pKa value 0 ™^™ * ; t ter than « . Pre ferred examples of the foregoing anionic water- 

IS OH orouo and -COOH group (in which R represents H or alkyl group (preferably 0,-Ce alkyl group, e.g.. methyl, 
2fl ^ P 9 SlaSp^eJamongthese anionic water-soluble gro 

!^l^e 9 forSolng general formula (0. R 1 to R* may be the same or different and each represent a hydrogen 
SoTor aCVroup 9 Thetorego.ng alkyl group * selected from the group consisting of the ***** W 
reprosented by X. In particular. Ri to R* each are preferably a methyl group. Further, any two of R 1 to R* and Y may 
be connected to each other to form a 5- to 7-membered ring. 

rooSl ^hVcompound represented by the foregoing general formula (I) is preferably a compound of the general 
Kb (J^rroin P the hete'rocycle formed by C, N and Y is a 6-membered ««1<»^;^°™ P ** **! 
Umbered ring compound include compounds (1) to (4) described in the above cited JP-A-11-170888, pp. 4 - 6 

SuSr^ropaSn Si the compound represented by the foregoing genera, formula (I) can be accompltehed I by 
anvmethod described In "YuW Kagaku Gosel Kyokalshi (Journal of Society of Organic Chemical Synthesis)' 29 (4), 
2SI Y P !m9-53571, JP-A-49%3572. JP-A-49-53573, JP-A^9-53574, JP-W9-20974, European Patent Disdo- 
sure No 264 ^JUS Patent 4,839,41 5, etc. For example, the foregoing compound (1) describedlntte above cited 
JpXll'-1W686 (hereinafter referred to as ^rnpoundO)-). which Is one of compounds represented by the foregoing 
general formula (I), can be prepared by the following preparation method. 

Method for the preparation of compound (1) 

[00461 The compound (1) can be prepared through the following three steps. 

mm The first step involves the synthesis of 2.2.6.6-tetramethyM-piperidone from acetone and ammon a This 
l Z * effSedlcording to the method described in Keisuke Murayama. "Ninon Kagakukai Zasshl (Journal of The 

So^2,2re^etl^lperidlne. The second step Is effected according to the method described In EG. Rozantsev. 
Izv Akad Nauk SSSR, Ser. Khlm. 770(1966). 

00491 The third step comprises oxidizing ^hydroxy^^.e.e-tetramethylpiperidine obtained at the second step to 
52 the compound (I). The third step is effected according to the ^emod described ^eteute Murays^ Mhon 
Kagakukai Zasshi (Journal of The Chemical Society of Japan)-, vol. 90, No. 3, 298 (1969), JP-A-6-100538, JP-A- 
6-247932, etc. 
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roOSOl The content of the compound represented by the foregoing general formula (I) In the aqueous Ink of the first 
Invention is preferably from 0.05 to 1 0% by weight, more preferably from 0.1 to 5% by weight When the content of the 
compound represented by the foregoing general formula (I) falls below 0.05% by weight, the photo-deterioration of the 
colorant cannot be sufficiently Inhlbited.Thus, prints obtained.with the resulting Ink exhibit deteriorated light-resistance 
and thus are subject to disappearance of recorded letters or discoloration of recorded image with time. On the contrary, 
when the content of the compound represented by the foregoing general formula (I) exceeds 10% by weight, the 
resulting Ink exhibits so low a reliability that It shows a lowered print quality (color developablllty) and undergoes pre- 
cipitation of compound represented by the foregoing general formula (I). In particular, when used as an ink for Ink Jet 
recording, such an aqueous ink can clog the nozzle with precipitate. 

[00511 As the colorant to be incorporated In the aqueous ink of the first Invention there may be used almost any of 
colorants (dye and pigment) listed in color index. Many of those which are 

In particular dyes or organic pigments are preferably used because they exhibit a high color density per unit weight 
and a sharp color As such a dye there is preferably used a water soluble dye. Specific examples of such a water- 
soluble dye Include those classified as acidic dye, direct dye, mordant dye, reactive dye, soluble vat dye, sulfide dye 

?0M2i° d &Inples of the foregoing colorants include C. I. Direct Black 17, 19, 32, 38, 51, 71, 74, 75, 112, 117, 154, 
163 168 C I. Acid Black 7, 24, 28, 48, 52, 58, 60, 107, 109, 118, 119, 131, 140, 155, 156, 187, C. I. Food Black 1, 2, 
C T Direct Red 79, 80, 83, 99, 220, 224, 227, C. L Acid Red 1, 8, 17, 32, 35, 37, 42, 52, 57, 92, 115, 119, 131, 133, 
134 154 186 249 254, 256, C. I. Direct Violet 47, 51 , 90, 94, C. I. Acid Violet 11 , 34, 75, C. I. Direct Blue 6, 8, 16, 
25 71 76 80 86, 90, 106, 108, 123, 163, 165, 199, 226, C. I. Acid Blue 9, 29, 62, 102, 104, 113, 117, 120, 175, 183, 
C I Direct Yellow 28, 33, 39, 58, 86, 100, 132, 142, and C. I. Acid Yellow 19, 23, 25, 29, 38, 49, 59, 62, 72. 
r00531 The content of the foregoing colorant in the aqueous ink of the first Invention is preferably from 0.1 to 20% 
by weight, more preferably from 0.5 to 1 0% by weight. When the content of the foregoing colorant falls below 0.1% by 
weight the resulting print density is insufficient. On the contrary, when the content of the foregoing colorant exceeds 
20% by weight, the resulting aqueous ink can be subject to disadvantages such as increase of ink viscosity and increase 
of possibility of clogging. 

[00541 The aqueous Ink of the first Invention may comprise one or more of various components mentioned below 
Incorporated therein as necessary besides the foregoing various components [colorant, water-soluble organic solvent, 
compound represented by the foregoing general formula (I)]. 

[0055] The aqueous ink of the first Invention may comprise a light-resistance Improver Incorporated therein in com- 
bination with the compound represented by the foregoing general formula (I) to further Improve the light-resistance 
thereof As the light-resistance Improver there may be used any water-soluble compound which can prevent photo- 
deterioration of colorant by ultraviolet rays or visible light Preferably, one or more compounds selected from the group 
consisting of ultraviolet absorber, extinguisher and oxidation Inhibitor may be used. 

[0056] Examples of the foregoing ultraviolet absorber include benzophenone-based compound, sailcylate-based 
compound benzotriazole-based compound, cyano acrylate-based compound, and metal oxide such as titanium oxide, 
zinc oxide, selenium oxide and cerium oxide. Examples of the foregoing extinguisher Include nickel salts such as nickel 
dibutyl dffliiocarbamate, nickel sulfate and nickel oxalate, halogenated metals such as potassium Iodide, sodium iodide, 
potassium bromide, sodium bromide and potassium chloride, potassium thlocyanate, cobalt sulfate, copper sulfate, 
and ferrous sulfate. Examples of the foregoing oxidation inhibitor Include hindered phenol compound, amine compound, 
phosphorus compound, and sulfur compound. / . , ' u, 

[0057] The content of the foregoing light-resistance improver In the aqueous Ink of the first invention Is preferably 
from 0.01 to 5% by weight, more preferably from 0.05 to 2% by weightf rem the standpoint of light-resistance of recorded 
material obtained by attaching the aqueous Ink to a recording medium and the solubility of the light-resistance Improver 

[00^ aq ^ U aqueous ink of the first invention preferably further comprises a penetration accelerator Incorporated 
therein Preferred examples of the penetration accelerator Include alkyl ethers of polyvalent alcohol such as ethylene 
glycol monomethyi ether, ethylene glycol monoethyl etter, ethylene glycol monobutyl ether, ethylene glycol monomethyl 
ether acetate, diethylene glycol monomethyl ether, dlethylene glycol monoethyl ether, diethylene glycol mono-n-propyl 
ether, ethylene glycol mono-iso-propyl ether, diethylene glycol mono-iso-propyl ether, ethylene glycol mono-n-butyl 
ether ethylene glycol mono-t-butyl ether, diethylene glycol mono-n-butyl ether, Methylene glycol mono-n-butyl ether, 
diethylene glycol mono-t-butyl ether, 1 -methyl-1-methoxybutanol, propylene glycol monomethyl ether, propylene glycol 
monoethyl ether, propylene glycol mono-t-butyl ether, propylene glycol mono-n-propyl ether, propylene glycol mono- 
iso-propyl ether, propylene glycol mono-n-butyl ether, dipropylene glycol mono-n-butyl ether, dlpropylene glycol mon- 
omethyl ether, dipropylene glycol monoethyl ether, dipropylene glycol mono-n-propyl ether and dipropylene glycol mo- 
no-iso-propyl ether. These penetration accelerators may be used singly or In combination of two or more thereof. 
[0059] The content of the foregoing penetration accelerator in the aqueous Ink of the first invention is preferably from 
3 to 20% by weight, more preferably from 5 to 1 5% by weight. 
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[00601 The aqueous ink of the first invention preferably comprises water Incorporated therein as a main solvent from 
the standpoint of print quality, solubility of constituent components, safety, etc. As water there may be used purified 
water such as Ion-exchanged water, ultraf iltrated water, reverse osmosis water and distilled water or ultrahighly-purif led 
water. In particular, water sterilized by irradiation with ultraviolet rays or addition of hydrogen peroxide is preferably 
used to prevent the proliferation of mildew or bacteria and hence enable prolonged storage of the Ink. 
[0061] The content of water in the aqueous ink of the first invention is preferably from 40 to 90% by weight, more 
Dreferablyfrom55to80%byweight. 

[00621 The aqueous Ink of the first invention may further comprise additives such as viscosity modifier, preservative, 
mildewproofing agent, pH adjuster, dissolution aid, oxidation inhibitor, surface tension modifier, nozzle dogging inhibitor 
and dielectric constant modifier incorporated therein, singly or In combination of two or more thereof, as necessary. 
[0063] For the purpose of sufficiently attaining the effect of these additives, any solvent other than the foregoing 
water-soluble organic solvents may be added to the aqueous Ink of the first Invention. 

[0064] The aqueous Ink of the first Invention preferably exhibits a viscosity of less than 5 mPa-s at a temperature of 
20°C Examples of the method for adjusting the viscosity of the aqueous ink to the above defined range include a 
method which comprises adjusting the content of the foregoing various components to be Incorporated In the aqueous 
ink and a method which comprises adding a viscosity modifier to the ink. Preferred examples of the viscosity modifier 
to be used In the adjustment of the viscosity of the aqueous ink by the latter method Include polyvalent alcohols such 
as ethylene glycol., dlethylene glycol, polyethylene glycol, polypropylene glycol, propylene glycol, butylene glycol, thi- 
oglycol and hexylene glycol, urea, and water-soluble organic solvents such as 2-pyrrolidone, N-methyl-2-pyrrolidone, 
20 1 3-dimethyl-2-imidazolldinone, formamide, acetamide, dimethyl sulfoxide, sorbitol, sorbitan, diacetln, trlacetln and 
sulfolane These viscosity modifiers may be used singly or in combination of two or more thereof. The content of the 
foregoing viscosity modifier in the aqueous ink of the first Invention is preferably not greater than 20% by weight. The 
foregoing viscosity modifier causes little problem when used In a small amount When the content of the foregoing 
viscosity modifier exceeds 20% by weight, it is likely that the effect of Inhibiting the photo-deterioration of ink by the 
23 compound represented by the foregoing general formula (I) can be lessened, making it impossible to provide prints 
with an excellent light-resistance. 

[0065] Examples of the foregoing preservatlve/mildewproofing agent to be Incorporated in the aqueous ink of the 
first invention include sodium benzoate, pentachlorophenol sodium, 2-pyridinethloM -oxide sodium, sodium sorbinate, 
sodium dehydroacetate, and 1 ,2-dlbendlsothlazoline-3-one (Proxel CRL, Proxel BDN, Proxel GXL, Proxel XL-2, Proxel 

30 TN produced by AVECIA INC.). These chemicals may be used singly or In combination of two or more thereof. 

[0086] Examples of the foregoing pH adjuster, dissolution aid and oxidation Inhibitorto be incorporated in the aqueous 
Ink of the first Invention Include amines such as dlethanolamlne, trlethanolamlne, propanolamlne and morphollne, 
modification products thereof, inorganic salts such as potassium hydroxide, sodium hydroxide and lithium hydroxide, 
ammonium hydroxide, quaternary ammonium hydroxide (e.g., tetramethyl ammonium), carbonates such as potassium 

35 carbonate, sodium carbonate and lithium carbonate, phosphates, ureas such as 2-pyrrolidone, N-methyl-2-pyrrolidone, 
urea, thiourea and tetramethylurea, alohanates such as alohanate and methyl alohanate, biurets such as biuret, dime- 
thyl biuret and tetramethyl biuret, L-ascorbic acid, and salts thereof. These compounds may be used singly or In com- 
bination of two or more thereof. 

[0067] The aqueous ink of the first invention may be fairly used for any recording method which comprises attaching 
40 It to a recording medium for printing. Examples of such a recording method include an ink jet recording method which 
comprises ejecting a droplet of aqueous ink so that It is attached to a recording medium to effect printing, a recording 
method using a writing utensil such as pen, and various other printing methods. Particularly preferred among these 
recording methods to which the aqueous ink of the first Invention can be applied is Inkjet recording method, even more 
preferably on-demand type Inkjet recording method. Examples of the on-demand type Inkjet recording method Include 
43 a piezoelectric element recording method involving the use of a piezoelectric element provided In a printer head, and 
a heat jet recording method involving the use of heat energy developed by a heater such as heat-generating resistor 
element provided in a printer head. The aqueous ink of the first invention can provide excellent results in any of these 
recording methods. 

[0066] The aqueous ink according to the second invention will be further described hereinafter. 
so [0069] The aqueous ink of the second invention comprises a colorant, water as a main solvent, and a compound 
represented by the foregoing general formula (I) Incorporated therein as essential components and thus Is character- 
ized by the combination of a colorant and a compound represented by the foregoing general formula (I). 
[0070] The colorant to be incorporated In the aqueous Ink of the second invention is a colored substance free of azo 
group (-N=N-). 

55 [0071] Examples of the foregoing colored substance (colorant) free of azo group include anthraquinones, indigolds, 
phthalocyanlnes, carbonlums, qulnonlmlnes, methlnes, qulnolines, nitros, nltrosos, benzoqulnones, naphthoquinones, 
naphthalimides, and perinones. Particularly preferred among these colored substances are anthraquinones. 
[0072] The foregoing colored substance (colorant) free of azo group can be selected from the group consisting of 
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dves and pigments. In particular, the colored substance (colorant) tree of azo group Is preferably selected from dyes 
or organic pigments because they exhibit a high color density per unit weight and a sharp color. Examples of the dye 
employable herein include those described with reference to the first invention. wv 
r00731 Examples of the foregoing colored substance (colorant) free of azo group Include^ I. Acfe Yellow 1 3, 7, C. 

5 [Baste YeHow 28 C. I. Pigment Yellow 23. C. I. Acid Red 49. 51 . 52. 80. 82. 83. 87. 92. 94. 289. C. I. Mordant Red 3. 
11 15 27 C I Sulfur Red7. C. I. Food Red 14. C. I. Pigment Red 81 . 83. 89. 90. C. I. Add Blue 1 . 7. 9. 15. 22. 23. 
25 27 40 41 43 45. 54, 59. 62. 74. 78. 80. 82, 83. 90. 93. 100. 102. 103. 104, 112, 126. 127. 129. 138. 143. 182, 
Ttt 203 204* 205 C. I, Direct Blue 41 , 88, 106. 108. 199. C. I. Mordant Blue 1 . 8. 29. 47, C. I. Sulfur Blue 9, 13. C. 
Wt m™:*, C. I. Reactive Blue 1, 2. 3, 4. 5. 7. 14. 15. 17. 18.19.21.25.27.29.32.37 38.41.^46.0.^ 

10 BI^C.i;SolubllizedVatBlue1.5.41.C.I.FoodBlue1.2.C.I.BasicBlue9,25.44.a 

L Acid Black 2, 48, 50, C. I. Mordant Black 13, and C. I. Reactive Black 12. These colored substances may be used 
slnglv or in combination of two or more thereof. 

r0074] Other examples of the foregoing colored substance (colorant) free of azo group include a colored substance 
represented by the following general formula (A) described In JP-A-2000-1 09464 and JP-A-2000-191660. 

15 



20 



25 



SO 




(A) 



wherein X represents an anilino group substituted by at least one S0 3 M; Y represents OH. a or morpholino group; 

and M represents H, LI, Na, K, ammonium or organic amine. 

[0075] Examples of me colored substance represented by the foregoing general formula (A) l^lude compounds 
(A1) to (A12) shown below. These compounds maybe usedslngly or In combination of two ormore thereof. Particularly 
preferred among these compounds Is compound (A4). 




so 
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(A2) 
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(A10) 



BOiNHKjHtaHh 





(A12) 




SQjK 



mora me content of the foregoing colored substance (colorant) free of azo group In the aqueous Ink of the second 
[0076] TTie comenioT me • ore 8°'"8 nroferablv from 0.5 to 1 0% by weight When the content of the 

invention Is preferab* ^ from ^ 0J ^J^^^^^^^ b in8uff £ e nt On the contrary, when the 

ro^T ^PolCes^ ^oZZt^llA to be Incorporated ,n the aqueous Ink of the 
[00771 ,^°" m P2Tl^a»ss Sroxldation reaction of colorant to inhibit photo-deterloratlon thereof and 
second Invention. rtops ^^^^^Z^ represented by the foregoing general formula (I) en> 
L ovao.e a ZSXSSZ tZS^2Z^ the aqueous in* of the first Invention. Thecor^nto, *e 
SunareD^ldS 

Z^tZ^ZlrJ^mZ) to a compound represented by the foregoing genera, formula (I.) as set 

\Tm "EE aque^'ink of the second invention, the weight ratio of content of the foregoing colored substance 
(Snti fme of To gmup to the compound represented by the foregoing genera, formula (I) Is preferably from 4 : 1 
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to 1 : 1 0, particularly from 3 : 1 to 1 : 5 from the standpoint of balance of light-resistance of printed matter and reliability 
of Ink. 

[0079] The aqueous ink of the second invention comprises water Incorporated therein as a main solvent. As water 
there may be used the same water as used in the aqueous Ink of the first Invention. The content of water in the aqueous 

5 ink of the second invention is the same as in the first invention. 

[0080] The aqueous ink of the second invention may comprise various components described below Incorporated 
therein, singly or in combination of two or more thereof, as necessary In addition to the foregoing various components 
(colorant, water as a main solvent, compound represented by the foregoing general formula (I)). 
[0081] The aqueous Ink of the second invention may comprise a light-resistance improver having other functions 

10 incorporated therein In combination with the compound represented by the foregoing general formula (I) for the purpose 
of further improving the light-resistance thereof. As the light-resistance improver there may be used the same as In 
the aqueous Ink of the first invention. The content of the tight-resistance Improver In the aqueous Ink of the second 
invention is the same as in the first Invention. 

[0082] The aqueous Ink of the second invention preferably further comprises a penetration accelerator incorporated 
15 therein. As such a penetration accelerator there Is preferably used a lower alkyl ether of polyvalent alcohol. In some 
detail, the same compound as used In the aqueous ink of the first invention may be used. The content of the penetration 
accelerator in the aqueous ink of the second invention is the same as in the first invention. 
[0083] The aqueous ink of the second Invention preferably further comprises a surface active agent Incorporated 
therein for the purpose of accelerating the penetration of the ink, improving the reliability In ejection and providing a 
20 high quality image. Examples of the surface active agent employable herein include anionic surface active agents (e. 
g., sodium dodecylbenzenesulfonate, sodium laurate, ammonium polyoxyethylenealkylethersulfate), nonlonlc surface 
active agents (e.g., polyoxyethylene alkyl ether, polyoxyethylene alkyl ester, polyoxyethyiene sorbitan aliphatic acid 
ester, polyoxyethylene alkylphenyl ether, polyoxyethylene alkytamlne, polyoxyethylene alkylamlde), and acetylene gly- 
col-based surface active agents. In the second invention, these surface active agents may be used singly or In com- 
25 bination of two or more thereof. 

[0084] As the foregoing acetylene glycol-based surface active agent there Is preferably used a compound represent- 
ed by the following general formula (a). 



30 



35 




wherein m and n satisfy the relationship 0 £ m + n £ 50; and R 1 to R 4 each Independently represent an alkyl group, 
preferably a C, -C e alkyl group. 

[0085] Specific preferred examples of the compound represented by the foregoing general formula (a) (acetylene 
45 glycol-based surface active agent) include 2,4,7,9-5-declne-4,7-dlol, 3,6-dlmethyJ-4-octine-3,6-dlol, and 3,5-dlmethyl- 
l-hexine-3-ol. As these acetylene glycol-based surface active agents there may be used commercially available prod- 
ucts. Examples of these commercially available products Include Surflnol 82, 104, 440, 468, 485, TG (produced by Air 
Products and Chemicals, Inc.), and Orfin STG, Orfin E1010 (produced by Nlssln Chemical Industry Co., Ltd.). 
[0086] The content of the foregoing surface active agent in the aqueous ink of the second Invention is preferably 
so from 0.1 to 5% by weight, more preferably from 0.2 to 3% by weight 

[0087] The aqueous Ink of the second invention preferably further comprises a wetting agent made of a high boiling 
organic solvent incorporated therein. Examples of the wetting agent made of a high boiling organic solvent employable 
herein Include polyvalent alcohols such as ethylene glycol, dlethylene glycol, methylene glycol, polyethylene glycol, 
polypropylene glycol, propylene glycol, butylene glycol, 1 ,2,6-hexanetriol, thloglycol, hexylene glycol, glycerin, trimeth- 
55 ylolethane and trimethylolpropane, urea, 2-pyrrolldone, N-methyl-2-pyrrolidone, 1 ,3-dimethyl-2-imidazolidinone, for- 
mamide, acetamlde, dimethylsulfoxlde, sorbitol, sorbitan, acetln, diacetin, triacetin, andsulfolane. These wetting agents 
may be used singly or In combination of two or more thereof. Particularly preferred among these wetting agents are 
glycerin, dlethylene glycol, and Methylene glycol. 
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[0088] The content of the foregoing wetting agent made of a high boiling organic solvent in the aqueous Ink of the 
second invention is preferably from 5 to 30% by weight, more preferably from 8 to 25% by weight. 
[0089] The aqueous ink of the second invention may further comprise various additives incorporated therein, singly 
or in combination of two or more thereof, as necessary. Examples of the additives employable herein Include the same 
5 additives as used in the aqueous ink of the first invention. 

[0090] As the preservatfve/mildewproof in g agent to be Incorporated in the aqueous ink of the second invention there 
may be used the same material as used in the aqueous ink of the first invention. 

[0091] As-the pH adjuster, dissolution aid and oxidation inhibitor to be incorporated in the aqueous ink of the second 
invention there may be used the same materials as used in the aqueous ink of the first invention. 

10 [0092] Examples of the surface tension adjustorto be incorporated in the aqueous ink of the second Invention Include 
alcohols such as dlethanolamine, triethanolamine and diethylene glycol, and nonionic, cationic, anionic and amphoteric 
surface active agents. These surface tension adjusters may be used singly or in combination of two or more thereof. 
[0093] The aqueous Ink of the second invention preferably exhibits a viscosity of not greater than 10 mPa-a, more 
preferably not greater than 5 mPa-s, at a temperature of 20°C. Examples of the method for adjusting the viscosity of 

15 the aqueous ink to the above defined range Include a method which comprises adjusting the content of the foregoing 
various components to be incorporated in the aqueous ink, and a method which comprises adjusting the kind and 
content of the foregoing wetting agent made of a high boiling organic solvent. In particular, the latter method is preferred. 
[0094] The aqueous ink of the second invention preferably exhibits a surface tension of from 15 to 60 mN/m, more 
preferably from 25 to 40 mN/m at a temperature of 20°C. The adjustment of the surface tension of the aqueous ink 

20 can be accomplished by incorporating the foregoing surface active agent therein in the foregoing predetermined 
amount. 

[0095] The aqueous ink of the second invention may be fairly used for any recording method which comprises at- 
taching it to a recording medium to effect printing similarly to the aqueous ink of the first invention. Examples of the 
recording method to which the aqueous ink of the second invention can be applied include those described previously. 
23 [0098] The aqueous ink according to the third invention will be further described hereinafter. 

[0097] The aqueous ink of the third Invention comprises a colorant, water as a main solvent, and a compound rep- 
resented by the foregoing general formula (I) incorporated therein as essential components. These essential compo- 
nents are each known themselves. 

[0098] The compound represented by the foregoing general formula (I) to be incorporated In the aqueous Ink of the 
so first invention stops the progress of photo-oxidation reaction of colorant to inhibit photo-deterioration thereof and thus 
is a so-called light stabilizer. Examples of the compound represented by the foregoing general formula (I) employable 
herein include those described with reference to the aqueous Ink of the first invention. The content of the compound 
represented by the foregoing general formula (I) is the same as in the first invention. In a preferred embodiment, the 
compound of general formula (I) is a compound represented by the foregoing general formula (II) as set forth In the 
35 first invention. 

[0099] The structure of the compound represented by the foregoing general formula (I), which is one of the essential 
components of the aqueous ink of the third invention, is as described previously. The main feature of the third Invention 
is that the total content of metals and metal ions to be contained in the compound represented by the foregoing general 
formula (I) is not greater than 1 ,000 ppm, preferably not greater than 500 ppm. 
40 [0100] In particular, the total content of polyvalent metal ions having a valence of 2 or more in the metal Ions is 
preferably not greater than 800 ppm, more preferably 400 ppm. 

[0101 ] Further, the total content of the foregoing metals is preferably not greater than 200 ppm, more preferably not 
greater than 100 ppm. 

[0102] The aqueous ink of the third invention comprising a compound represented by the foregoing general formula 
45 (|) containing metals and metal ions in a total amount of not greater than the foregoing value can maintain an excellent 
light-resistance provided by the compound of the general formula (I) and exhibits a high liquid stability and an excellent 
storage stability. The aqueous ink of the third invention cannot cause clogging of the nozzle when used as an Ink for 
Ink jet recording. When the total content of metals and metal ions contained In the compound represented by the 
foregoing general formula (I) exceeds the foregoing value, the resulting aqueous ink exhibits a deteriorated liquid 
so stability and thus can cause precipitation during the storage of the ink. In particular, when used as an ink for Ink jet 
recording, the aqueous ink can cause clogging of nozzle. 

[0103] Specific examples of the foregoing metal to be incorporated in the compound represented by the foregoing 
general formula (l) Include Na, K, Mg, Ca, Al, Fe, Co, Ni, Cu, Zn, Cr, Mn, and SI. Specific examples of the foregoing 
metal Ion Include Na* K* Mg**, Ca** AP* Fe** Fe**, Co** Co**, NI 2 *, Cu*, Cu*+, Zn**, Cr* Mn**, Mn** Mn** 
55 and SI 4 *. 

[0104] Similarly, the total content of anions contained In the compound represented by the foregoing general formula 
(I) is preferably not greater than 1 ,000 ppm, particularly not greater than 500 ppm for the purpose of improving the 
liquid stability of the Ink and preventing the clogging of nozzle. 
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[0105] Specific examples of these anions include P, CI", Br, N0 2 - , NOg, SO* 2 ", and PO^. 
[0106] As a method for adjusting the content of Impurities (metal, metal ion, anion) to be contained In the compound 
represented by the foregoing general formula (I) to not greater than the above defined predetermined value to enhance 
the purity of the compound of the general formula (I) there may be used a method Involving the purification of the 
5 compound of the general formula (I) by ion exchanging, osmosis membrane method, reverse osmosis method, eleo- 
trodialysls method or the like. In some detail, the compound of the general formula (I) is purified by the following 
purification method. 

Method for the purification of compound represented by the foregoin g general formula (I) 

10 

[0107] A glass column (diameter. 3 cm) was filled with 25 g of Amberllte IR120B (produced by Rohm and Haas 
Company). 100 g of a 5% aqueous solution of hydrochloric acid was then passed through the column in 10 minutes. 
Thereafter, 300 g of Ion-exchanged water was passed through the column in 30 minutes. When It was confirmed that 
the ion-exchanged water passed through the column was neutral, the glass column was defined to be a cation exchange 
13 column. 

[0108] A separate glass column (diameter: 3 cm) was filled with 25 g of Amberiite IRA400 (produced by Rohm and 
Haas Company). 100 g of a 5% aqueous solution of sodium hydroxide was then passed through the column in 10 
minutes. Thereafter, 300 g of Ion-exchanged water was passed through the column In 30 minutes. When It was con- 
firmed that the ion-exchanged water passed through the column was neutral, the glass column was defined to be an 

20 anion exchange column. 

[0109] 10 g of commercially available Industrial H-TEMPO (corresponding to the compound of the general formula 
(1) described in the above cited JP-A-1 1-1 70686; hereinafter referred to as "compound (1)") as a compound repre- 
sented by the foregoing general formula (1) to be purified was added to 90 g of Ion-exchanged water to prepare an 
aqueous solution. The compound (1) contained as impurities 500 ppm of sodium ion, 390 ppm of magnesium ion, 75 

25 ppm of aluminum ion, 280 ppm of potassium ion, 220 ppm of calcium ion, 190 ppm of chromium ion, 340 ppm of 
manganese Ion, 60 ppm of Iron ion, 30 ppm of cobalt ion, 150 ppm of nickel ion, 50 ppm of copper Ion, 320 ppm of 
zinc ion, 75 ppm of chloride ion, 40 ppm of nitrite ion, 140 ppm of nitrate ion, 470 ppm of sulfate Ion, and 30 ppm of 
phosphate ion. 

[0110] The foregoing aqueous solution was passed through the cation exchange column In 10 minutes, and then 
30 passed through the anion exchange column in 10 minutes. The aqueous solution which had been passed through 
these columns was then recovered. The solvent was then distilled off under reduced pressure to obtain 9.3 g of the 
compound (1 ) thus purified. 

[0111] The foregoing compound (1 ) thus purified was then analyzed for content of impurities. As a result, the content 
of sodium Ion, magnesium Ion, aluminum ion, potassium Ion, calcium Ion, chromium Ion, manganese Ion, Iron Ion, 
35 cobalt ion, nickel ion, copper ion, zinc ion, chloride ion, nitrite ion, nitrate Ion, sulfate ion, and phosphate Ion were all 
found to be not greater than 5 ppm. The analysis of impurities was carried out by inductively coupled plasma spec- 
trometry (ICP) for metal Ion or Ion chromatography for anion. 

[0112] As the foregoing colorant to be incorporated in the aqueous ink of the third invention there may be used the 
same material as In the aqueous ink of the first invention. The content of the foregoing colorant is the same as in the 
40 first Invention. 

[01 1 3] The aqueous ink of the third invention comprises water incorporated therein as a main solvent. As water there 
may be used the same water as used In the aqueous Ink of the first invention. The content of water In the aqueous Ink 
of the third Invention is the same as In the first Invention. 

[01 14] The aqueous ink of the third invention may comprise various components described below incorporated there- 
45 in, singly or In combination of two or more thereof, as necessary in addition to the foregoing various components 
(colorant, water as a main solvent, compound represented by the foregoing general formula (I)). 
[01 1 5] The aqueous ink of the third invention may comprise a light-resistance Improver incorporated therein in com- 
bination with the compound represented by the foregoing general formula (I) for the purpose of further Improving the 
light-resistance thereof. As the light-resistance improver there may be used the same as In the aqueous ink of the first 
so invention. The content of the light-resistance improver in the aqueous ink of the second invention is the same as in the 
first Invention. 

[01 1 6] The aqueous ink of the second invention preferably further comprises a penetration accelerator incorporated 
therein. As such a penetration accelerator there may be used the same compound as used in the aqueous ink of the 
first invention. The content of the penetration accelerator in the aqueous Ink of the third Invention is the same as In the 
55 first invention. 

[0117] The aqueous Ink of the third Invention preferably further comprises a wetting agent made of a high boiling 
organic solvent Incorporated therein. As the wetting agent made of a high boiling organic solvent there may be used 
the same material as used in the aqueous Ink of the second invention. The content of the wetting agent is the-same 
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as in the second invention. 

[0118] The aqueous Ink of the third invention may further comprise various additives Incorporated therein, singly or 
in combination of two or more thereof, as necessary. As these additives there may be used the same materials as used 

In the aqueous ink of the first invention. - 

5 [0119] As the preservatlve/mildewproofing agent to be incorporated In the aqueous ink of the third Invention there 
may be used the same material as used in the aqueous ink of the first invention. 

[0120] As the pH adjuster, dissolution aid and oxidation Inhibitor to be Incorporated in the aqueous Ink of the third 

invention there may be used the same materials as used in the aqueous ink of the first invention. 

[0121] As the surface tension adjustor to be incorporated in the aqueous ink of the third invention there may be used 

io the same material as used in the aqueous Ink of the second invention. 

[0122] The aqueous Ink of the third invention preferably exhibits a viscosity of not greater than 5 mPa-s at a temper- 
ature of 20°C. Examples of the method for adjusting the viscosity of the aqueous ink to the above defined range Include 
a method which comprises adjusting the content of the foregoing various components to be Incorporated In the aqueous 
ink, and a method which comprises adjusting the kind and content of the foregoing wetting agent made of a high boiling 

13 organic solvent. In particular, the latter method Is preferred. 

[0123] The aqueous ink of the third invention may be fairly used for any recording method which comprises attaching 
It to a recording medium to effect printing similarly to the aqueous ink of the first invention. Examples of the recording 
method to which the aqueous ink of the third Invention can be applied Include those described previously 
[0124] The aqueous ink for ink jet recording according to the fourth invention will be further described hereinafter. 

20 [0125] The aqueous ink of the fourth invention can be used in a recording method using an aqueous ink. Examples 
of the recording method using an aqueous ink Include Ink jet recording method, recording method using writing utensils 
such as pen, and various other printing methods. The aqueous ink of the fourth invention is preferably used In the Ink 
jet recording method. 

[0126] The aqueous Ink of the fourth invention comprises a compound represented by the foregoing general formula 
23 (|) and a colorant incorporated therein and exhibits a surface tension of not greater than 40 mN/m as previously men- 
tioned. 

[0127] As the compound represented by the foregoing general formula (I) to be incorporated In the aqueous Ink of 
the fourth invention there may be used the same compound as used in the aqueous ink of the first invention. The 
content of the compound represented by the general formula (I) is the same as In the first invention. In a preferred 
30 embodiment, the compound of general formula (I) is a compound represented by the foregoing general formula (II) as 
set forth In the first invention. 

[0128] In a preferred embodiment of implication of the fourth invention, as the substituents on the various groups 
represented by X in the foregoing general formula (I) there may be used lower alkyl groups (e.g., alkyl group), 
halogen atoms, etc. besides those described with reference to the first invention. 
33 [01 29] In a preferred embodiment of implication of the fourth invention, it is preferred that X represents an oxyradical 
group, aryloxy group, acyloxy group or hydroxyl group and R 1 , R 2 , R 3 and R 4 each represent an alkyl group. More 
preferably, R 1 , R 2 , R 3 and R 4 each are a methyl group. 

[0130] In a preferred embodiment of implication of the fourth invention, X is preferably an oxyradical group. 
[0131] Further, the compound represented by the foregoing general formula (I) preferably has 20 or less carbon 
40 atoms. 

[0132] Specific examples of the compound represented by the foregoing general formula (I) to be Incorporated in- 
the aqueous Ink of the fourth Invention will be given below, but the fourth invention Is not limited thereto. 
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[0133] The aqueous ink of the fourth invention comprises any compounds selected from the group consisting of 
compounds represented by the foregoing general formula (I) Incorporated therein. These compounds may be used 
singly or in combination of two or more thereof so far as they are selected from the foregoing group of compounds. 
[0134] In the fourth Invention, the surface tension of the aqueous Ink is preferably not greater than 40. mN/m. The 

5 aqueous ink having a surface tension of not greater than 40 mN/m exhibits extremely good wetting properties and 
hence high penetrating properties with respect to the recording medium. In this arrangement, the resulting prints can 
be quickly dried. In other words, the aqueous Ink of the fourth invention is advantageous In that the resulting prints 
have a good color development and a high quality image with little running can be obtained. 
[0135] On the contrary, the aqueous ink having a surface tension of greater than 40 mN/m can hardly be bubbled. 

10 However, bubbles which have entered In the Ink passage can be extremely difficultly discharged even when subjected 
to recovery by suction (cleaning). As a result, once the print stability has been impaired, the print quality can be hardly 
recovered. 

[01 36] However, when the surface tension of the aqueous ink of the fourth Invention Is extremely low, no Ink meniscus 
can be formed in the nozzle portion depending on the properties of the ink. Accordingly, the surface tension of the 
13 aqueous Ink of the fourth Invention Is preferably not greater than 40 mN/m, more preferably from 20 to 40 mN/m, even 
more preferably from 20 to 36 mN/m. 

[0137] The measurement of the surface tension of the aqueous ink of the fourth invention can be normally accom- 
plished by L. du Nouey*s torus process (process which comprises determining from the pressure developed when a 
small platinum torus is pulled from the surface of the liquid with which It has been brought Into horizontal contact) or 

so L. Wilhelrm/s vertical flat plate process (process which comprises determining from the force required for a thin square 
plate of glass or metal to be withdrawn from the liquid in which It has been vertically dipped at one side thereof). The 
surface tension of the aqueous ink of the fourth invention can be measured also by any other method such as capillary 
rise method, drop weight method, pendant drop method, vibrational Jet method, sessile bubble method and maximum 
bubble pressure method. Among these methods, the vertical flat plate method can easily provide accurate values In 

25 a simple manner. 

[01 38] For example, the surface tension of the aqueous ink can be measured by means of a Type CBVP-2 automatic 
surface tensiometer (produced by Kyowa Interface Science Co., Ltd.) at an ambient temperature of 20 9 C, 50%RH and 
a liquid temperature of 20°C. 

[0139] In a preferred embodiment of implication of the fourth Invention, the aqueous ink may further comprise a 
30 penetration accelerator Incorporated therein. As the penetration accelerator there may be used the same material as 
used In the first invention. 

[0140] In a preferred embodiment of Implication of the fourth Invention, the aqueous Ink may further comprise a 
surface active agent incorporated therein for the purpose of accelerating penetration and providing a good reliability 
in ejection and a good Image. Examples of the surface active agent employable herein Include anionic surface active 
35 agents, nonionlc surface active agents, and acetylene glycol-based surface active agents. In some detail, there may 
be used the same surface active agents as used in the second invention. 

[0141] The added amount of the foregoing surface active agent, If Incorporated In the aqueous ink of the fourth 
Invention, may be property predetermined. In practice, however, It is preferably from 0.1 to 5% by weight, more pref- 
erably from 0.5 to 2% by weight based on the aqueous ink. 
40 [0142] As the foregoing colorant to be incorporated In the aqueous ink of the fourth Invention there may be used 
either a dye or a pigment 

[01 43] As these dyes there may be used various dyes for use in ordinary InkJet recording such as basic dye, disperse 
dye and vat dye besides those described with reference to the first invention. 

[0144] The added amount of the foregoing dye, if used as a colorant for the aqueous Ink of the fourth invention, is 
45 preferably from 0.1 to 20% by weight, more preferably from 0.5 to 10% by weight based on the aqueous Ink. 

[0145] On the other hand, as the foregoing pigment there may be used an inorganic or organic pigment without any 
special restrictions. Examples of the inorganic pigment employable herein Include titanium oxide, iron oxide, and carbon 
black produced by known methods such as contact method, furnace method and thermal method. Examples of the 
organic pigment employable herein include azo pigments (e.g., azo lake, insoluble azo pigment, condensed azo pig- 
so ment, chelate azo pigment), polycyclic pigments (e.g., phthalocyanine pigment, perylene pigment, perynone pigment, 
anthraqulnone pigment, qulnacrldone pigment, dioxazine pigment, thlolndigo pigment, Isolndolinone pigment, qul- 
nophlalone pigment), dye chelates (e.g., basic dye type chelate, acidic dye type chelate), nltro pigments, nltroso pig- 
ments, and aniline black. 

[0146] Some colorants (e.g., azo dye) to be incorporated in the aqueous ink can undergo radical reaction to produce 
55 a gas such as nitrogen gas. When a compound represented by the foregoing general formula (I) Is present In the 
aqueous Ink as In the fourth Invention, the compound can act as a radical polymerization Inhibitor, making it possible 
to Inhibit the production of nitrogen gas. As a result, the production of bubbles in the aqueous ink can be Inhibited, 
making it possible to further stabilize the print stability of the aqueous ink. 
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[01 47] The amount of the colorant, If it Is a pigment, to be incorporated in the aqueous ink of the fourth invention is 
preferably from 0.2 to 25% by weight, more preferably from 1 to 1 5% by weight. 

[01 48] The main solvent to be Incorporated in the aqueous Ink of the fourth invention is preferably water or a mixture 
of water and a water-soluble organic solvent. As water there may be used the same water as used In Lhe first Invention. 
[0149] The aqueous Ink of the fourth invention preferably further comprises a wetting agent made of a high boiling 
organic solvent. As the wetting agent made of a high boiling organic solvent there may be used the same material as 
used in the second invention. Particularly preferred among these wetting agents are glycerin, dlethylene glycol 
monobutyl ether, Methylene glycol monobutyl ether, dlethylene glycol, and Methylene glycol. The content of these 
wetting agents is the same as in the second invention. 

[0150] The aqueous ink of the fourth Invention may comprise a water-soluble organic solvent incorporated therein 
as a water-soluble solvent as necessary besides the water mentioned above. The water-soluble organic solvent is 
preferably a low boiling organic solvent. Examples of such a low boiling organic solvent include methanol, ethanol, n- 
propyl alcohol, Iso-propyl alcohol, n-butanol, sec-butanol, tert-butanol, iso-butanol, and n-pentanol. Particularly pre- 
ferred among these solvents is monovalent alcohol. The low boiling organic solvent has an effect of reducing the drying 

[0151] ^The aqueous Ink of the fourth Invention may further comprises various additives incorporated therein, singly 
or in combination of two or more thereof, as necessary. As these additives there may be used the same materials as 
used in the aqueous ink of the first invention. In addition, a conductivity adjuster may be used. 
[01 52] As the preservative/mildewproofing agent to be incorporated in the aqueous ink of the fourth invention there 
may be used the same materials as used in the aqueous ink of the first invention. 

[0153] As the pH adjuster, dissolution aid and oxidation inhibitor to be incorporated in the aqueous Ink of the fourth 
invention there may be used the same materials as used In the aqueous ink of the first invention. 
[0154] In the fourth Invention, the foregoing other arbitrary components may be used singly or In admixture of two 
or more thereof in each of batches or from batch to batch. 

[0155] In the fourth invention, the amount of all these components in the aqueous Ink are predetermined such that 
the viscosity of the aqueous Ink is less than 5 mPa-s at a temperature of 20°C, 

[0156] The aqueous ink of the fourth invention is used In a recording method which comprises attaching It to a 
recording medium to effect printing. 

[0157] In other words, in accordance with another embodiment of Implication of the fourth invention, an Ink Jet re- 
cording method can be provided which comprises ejecting a droplet of the aqueous Ink of the fourth invention so that 
It is attached to a recording medium to effect printing. 

[0158] Further, In accordance with the fourth Invention, a recorded matter obtained by this recording method can be 
provided. 

EXAMPLES 

[0159] Examples of the aqueous ink of the first invention will be described hereinafter. However, the first Invention 
Is not limited to these examples. 

EXAMPLES A1 TO A5 AND COMPARATIVE EXAMPLES A1 AND A2 

[0160] Aqueous inks having the formulation set forth In Table 1 below were prepared. As a Hght-stablllzer there was 
used a compound represented by the following formula [ka-3]. 



OH 
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55 Evaluation of light-resistance and reliability in ejection 

[0161] The aqueous inks of Examples A1 to AS and Comparative Examples A1 and A2 were each evaluated for 
light-resistance and reliability in ejection according to the following criterion. The results are set forth in Table 2 below. 
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Criterion for evaluation of light-resistance 

[0162] An ink cartridge loaded with the aqueous ink was mounted on an ink jet printer (trade name: PM-800C, pro- 
duced by SEIKO EPSON CORP.). WittUhe applied duty being adjusted such that OD (optical density) ranges from 0.9 

5 to 1.1, solid printing was made on an evaluating paper (trade name: Premium Glossy Photo paper, produced by SEIKO 
EPSON CORP.) to prepare a printed matter. The printed matter thus prepared was then allowed to stand at ordinary 
temperature for 3 days. Using a Type C;5000 xenon weatherometer (produced by ATLAS ELECTRIC DEVICES COM- 
PANY), the printed matter was then exposed to light having an illuminance of 0.18 W/rn 2 at 340 nm, a temperature of 
24°C, a relative humidity of 60%RH, a black panel temperature of 35*C, and 60,000 lux. 

io [01 63] The printed matter was measured for OO before and after exposure to light using a Type S PM-1 00-I I reflection 
densitometer (produced by Gretag - The imaging Company). Substituting these measurements for D and Do in the 
following equation gives percent residue of optical density (ROD). These results were then evaluated according to the 
following criterion. 

15 %ROD = (D/D 0 )x100 

wherein 

20 D: OD after exposure to light 
D 0 : OD before exposure to light 

Criterion of evaluation 

25 [0164] 

A: ROD is not smaller than 90%; good light-resistance 
B: ROD Is from not smaller than 80% to less than 90%; practically no problems 
C: ROD is from not smaller than 70% to less than 80%; appreciable 
30 NG: ROD Is less than 70%; practically unusable 

Criterion of evaluation of reliability in ejection 

[0165] Similarly to the foregoing criterion of evaluation of light-resistance, an ink cartridge loaded with the Ink com- 
as position was mounted on the Inkjet printer PM-800C. It was then confirmed that the ink composition had been normally 
ejected In the initial stage. The printer PM-800C was then switched off. With the ink cartridge left mounted thereon, 
the printer was then allowed to stand at a temperature of 40°C and a relative humidity of 20%RH. After being allowed 
to stand under these conditions for a predetermined period of time, PM-800C was then moved to ordinary temperature 
atmosphere. When the temperature of the main body of PM-800C was lowered to ordinary temperature, the main body 
40 of PM-800C was switched on. The ink composition was then ejected. The ejection condition was visually observed. 
When the ink composition was not normally ejected, PM-800C was then subjected to cleaning for recovery In a pre- 
determined manner. The number of times of cleaning operation required until the ink composition was normally ejected 
again was examined. The results were then evaluated according to the following criterion. 

45 Criterion of evaluation 

[0166] 

A: Normally ejected without cleaning or after one cleaning operation 
so B: Normally ejected after two or three cleaning operations 
C: Normally ejected after 4 to 6 cleaning operations 
NG: Not normally ejected even after 6 cleaning operations 
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EXAMPLE B2 r as In Example B 1 except that C. I. Acid Yellow 7 waa 
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%LOD = (1-D/D 0 )x100 
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wherein 

OD after exposure to light 
OD before exposure to light 
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[a not limited to the following examples. 
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EXAMPLES C1 TO C4 AND COMPARATIVE EXAMPLES C1 TO C4 

[0183] Aqueous inks having the formulation set forth in Table 4 (Examples C1 to C4) and Table 5 (Comparative 
Examples C1 to C4) below were prepared. As a light-stabilizer there was used a compound represented by the following 
formula [ka-3]. 




[ka-3] 
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[01 87] As can be seen In the results shown In Table 6, all the aqueous Inks of Examples C1 to C4 exhibit an excellent 
light-resistance as well as a high liquid stability and an excellent storage stability. These aqueous inks donl cause 
nozzle clogging and thus have a high reliability. On the contrary, although the aqueous Inks of Comparative Examples 
C1 to C4 exhibit an excellent light-resistance similarly to those of Examples C1 to C4 because they contain some 
amount of the compound represented by the general formula [ka-31 as a light-stabilizer, they exhibit a deteriorated 
liquid stability and storage stability and thus can easily cause clogging of nozzle because the purity of the foregoing 
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compound [ka-3] Is low. 

[01 88] Examples of the aqueous Ink of the fourth Invention will be described hereinafter. However, the fourth Invention 
is not limited to the following examples. 

EXAMPLES D1 TO D5 AND COMPARATIVE EXAMPLES D1 TO D3 



Preparation of Ink composition 

[01 89] Aqueous Inks 1 to 8 having the formulation set forth in Table 7 below were prepared. The aqueous inks 1 to 
5 are according to the fourth invention, and the aqueous Inks 6 to 8 are comparative. 

[01 90] As the compound represented by the foregoing general formula (I) there was used a compound represented 
by the following formula (a) (commercially available product, e.g., commercially available from Aldrteh Inc.). 
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Evaluation test 



■«.„.« thus oreoared were each evaluated for print stability, image quality and llght-realst- 
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(A) Print stability evaluation test 

[0192] Ink cartridges loaded with the various aqueous inks thus prepared were each mounted on a Type PM-800C 
ink Jet printer (produced by SEIKO EPSON CO., LTD.). Continuous printing was made on 3,000 sheets of A4 size 
paper according to the following print pattern and printing procedure. Thus, average number of sheets on which con- 
tinuous printing can be made without any print defects (disturbance, loss and deflection of dot) was determined. The 
results were then judged according to the following criterion. 

Print pattern: 

[0193] A print pattern having hatf-width English characters and symbolic letters arranged at random such that the 
number of printed dots reaches about 1 2.5% of the maximum printable number of dots in the printing range was used. 
As printed dot there was used one for 360 DPI (= Dol per Inch). 

13 Printing procedure: 

[01 94] Printing was effected according to the following procedures (1 ) and (2). 

(1 ) When printing defects (disturbance, loss or deflection of dot) occur during printing, printing is suspended. Clean- 
20 ing is then conducted for recovery. When recovery requires plural cleaning operations, the plural cleaning opera- 
tions are regarded In combination as one defect. Thus, continuous printing Is resumed. 

(2) When printing is suspended due to exhaustion of ink from the ink cartridge, or when printing defects occur 
obviously due to exhaustion of Ink, no count is made. Thus, the ink cartridge Is then immediately renewed to resume 
printing. 

25 

Evaluation A: Average continuously printable number of sheets is not smaller than 600; very good 
Evaluation B: Average continuously printable number of sheets is not smaller than 300; practically no problems 
Evaluation C: Average continuously printable number of sheets is not smaller than 150; practically usable 
Evaluation D: Average continuously printable number of sheets is less than 1 50; practically unusable 

30 

(B) Evaluation of image quality 

[0195] Ink cartridges loaded with the various aqueous inks were mounted on the ink Jet printer PM-800C. Images 
were then printed on an evaluating paper (Premium Glossy Photo paper, produced by SEIKO EPSON CO., LTD.) In 
35 such an arrangement that solid area of green (cyan + yellow), red (magenta + yellow), blue (cyan + magenta) and 
black were adjacent to each other. The portion at which these color solid areas were adjacent to each other (border) 
was then judged according to the following criterion. 

Evaluation A: Sharp border, very good 

40 Evaluation B: Definite border, good 

Evaluation C: Slightly blurred border, practically usable 

Evaluation D: Disturbed border, practically unusable 
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(C) Light-resistance evaluation test 



[0196] Ink cartridge loaded with the various aqueous inks were each mounted on the ink jet printer PM-800C. With 
the applied duty being adjusted such that OD (optical density) ranges from 0.9 to 1 .1 , solid printing was made on an 
evaluating paper (trade name: PM photographic paper, produced by SEIKO EPSON CORP.) to prepare a printed 
matter. The printed matter thus prepared was then allowed to stand at ordinary temperature for 3 days. Using a Type 
so C;5000 xenon weatherometer (produced by ATLAS ELECTRIC DEVICES COMPANY), the printed matter was then 
exposed to light having an illuminance of 0.1 8 W/m 2 at 340 nm, a temperature of 24°C, a relative humidity of 60%RH, 
a black panel temperature of 35°C, and 60,000 lux. 

[0197] The printed matter was measured for OD before and after exposure to light using a Type SPM-100-II reflection 
densitometer (produced by Gretag - The Imaging Company). Substituting these measurements for D and D 0 in the 
55 following equation gives percent residue of optical density (ROD). These results were then evaluated according to the 
following criterion. 
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%ROD=(D/D 0 )x100 
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wherein 

D: OD after exposure to light 
D 0 : OD before exposure to light 

Evaluation A: ROD is not smaller than 90%; good light-resistance 
Evaluation B: ROD is from not smaller than 80% to less than 90%; practically no problems 
Evaluation C: ROD is from not smaller than 70% to less than 80%; appreciable 
Evaluation D: ROD is less than 70%; practically unusable 



[0198] The results are as set forth in Table 8 below. 
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Ink composition 
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[01 99] Embodiments of Implication of the first to fourth Inventions include the following embodiments (1 ) to (1 9) as 
well as the embodiments as recited in dependent claims 2 to 6, 8 to 13, 1 5 to 20 and 22 to 25. 

(1) The aqueous ink according to Claim 1 (first Invention), further comprising a penetration accelerator Incorporated 
therein. 

(2) The aqueous ink according to Claim 1 , which is adapted for use in Ink jet recording process. 

(3) The aqueous Ink according to Claim 1 , which is adapted for use in on-demand type Ink Jet recording process. 

(4) The aqueous ink according to Claim 7 (second invention), further comprising a penetration accelerator incor- 
porated therein. 

(5) The aqueous ink according to Claim 7, wherein as said penetration accelerator there is used a lower alkyl ether 
of polyvalent alcohol. 

(6) The aqueous Ink according to Claim 7, further comprising a surface active agent Incorporated therein. 

(7) The aqueous Ink according to Claim 7, wherein as said surface active agent there is used an acetylene glycol- 
based surface active agent. 

(8) The aqueous ink according to Claim 7, which is adapted for use in Ink Jet recording process. 

(9) The aqueous ink according to Claim 7, which is adapted for use in on-demand type ink Jet recording process. 

(1 0) The aqueous ink according to Claim 1 4 (third invention), wherein said colored substance is a dye or pigment. 

(11) The aqueous Ink according to Claim 14, further comprising a surface active agent incorporated therein. 

(12) The aqueous ink according to Claim 14, which is adapted for use in Inkjet recording process. 

(1 3) The aqueous Ink according to Claim 1 4, which is adapted for use In on-demand type InkJet recording process. 

(14) The aqueous Ink according to Claim 21 (fourth invention), wherein said compound represented by the general 
formula (I) is contained in an amount of from 0.05 to 1 0% by weight based on the weight of the aqueous Ink. 

(15) The aqueous Ink according to Claim 21 , wherein as said water-soluble organic solvent there Is used a lower 
alcohol ether of polyvalent alcohol. 

(1 6) The aqueous ink according to Claim 21 , further comprising a surface active agent incorporated therein. 

(17) The aqueous ink according to Claim 21, further comprising an acetylene glycol-based surface active agent 
as a surface active agent 

(18) A recording method which comprises attaching an aqueous ink according to any one of the first to fourth 
inventions to a recording medium to effect printing. 



35 



EP 1 174 476 A1 



(1 9) An ink jet recording method which comprises ejecting a droplet of an aqueous Ink according to any one of the 
first to fourth inventions so that it is attached to a recording medium to effect printing. 

[0200] While the present Invention has been described in detail and with reference to specific examples thereof, It 
will be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
from the spirit and scope thereof. 



Claims 

1 . An aqueous ink comprising at least a colorant, a water-soluble organic solvent and a compound represented by 
general formula (I) shown below, wherein said water-soluble organic solvent stays liquid at a temperature of not 
higher than 40°C, exhibits a water solubility of not lower than 1 % by weight at atemperature of 20°C and a saturated 
vapor pressure of not higher than 1 .7 Pa at a temperature of 20°C and is contained in an amount of from 5 to 35% 
by weight: 



X 



wherein Y represents a nonmetalllc atom group required to form a 5- to 7-membered ring with C and N; X represents 
a hydrogen atom, oxyradical group, hydroxyl group, alkyl group, alkenyl group, alkinyl group, aryl group, acyl group, 
sulfonyl group, sulfinyl group, alkoxy group, aryloxy group or acyloxy group; and R 1 to R 4 may be the same or 
different and each represent a hydrogen atom or alkyl group, with the proviso that any two of R 1 to R 4 and Y may 
be connected to each other to form a 5- to 7-membered ring. 

2. The aqueous Ink according to Claim 1 , wherein said compound represented by the general formula (I) Is a com- 
pound represented by the following general formula (II) having a water-soluble group W: 




(ID 



wherein W represents -OH group, -S0 3 H group, -S0 2 NH-(R) group, phenolic hydroxyl group, -CON(R)-OH group 
or -COOH group (in which R represents H or alkyl group). 

3. The aqueous ink according to Claim 1 , wherein the ratio of content of said compound represented by general 
formula (I) to said water-soluble organic solvent (by weight) is from 1 : 1 to 1 : 100. 

4. The aqueous ink according to Claim 1 , wherein said water-soluble organic solvent comprises at least one com- 
pound selected from the group consisting of glycerin, 1 ,5-pentanediol and Methylene glycol. 

5. The aqueous Ink according to Claim 1 , wherein said heterocycle formed by C, N and Y in general formula (I) is a 
6-membered ring. 
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6. The aqueous ink according to Claim 1 , wherein X in general formula (I) is an oxyradical group. 

7. An aqueous Ink comprising at least a colorant, water as a main solvent and a compound represented by general 
..formula (I), shown below, wherein said colorant Is a colored substance free of azojjroup: 



X 



wherein Y represents a nonmetallic atom group required to form a 5- to 7-membered ring with C and N ; X represents 
a hydrogen atom, oxyradical group, hydroxy! group, alkyl group, alkenyl group, alklnyl group, aryl group, acyl group, 
sulfonyl group, suifinyl group, alkoxy group, aryloxy group or acyloxy group; and R 1 to R 4 may be the same or 
different and each represent a hydrogen atom or alkyl group, with the proviso that any two of R 1 to R 4 and Y may 
be connected to each other to form a 5- to 7-membered ring. 

8. The aqueous ink according to Claim 7, wherein said compound represented by general formula (I) is a compound 
represented by general formula (II) having a water-soluble group W: 




<ID 



wherein W represents -OH group, -S0 3 H group, -S0 2 NH-(R) group, phenolic hydroxyl group, -CON(R)-OH group 
or -COOH group (in which R represents H or alkyl group). 

9. The aqueous ink according to Claim 7, wherein said colored substance free of azo group comprises at least one 
compound selected from the group consisting of anthraquinones, indigolds, phthalocyanines, carboniums, quinon- 
Imlnes, methines, qulnollnes, nltros, nitrosos, benzoquinones, naphthoquinones, naphthalimldes, and perlnones. 

10. The aqueous ink according to Claim 7, wherein said colored substance free of azo group is represented by the 
following general formula (A): 
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wherein X represents an anilino group substituted by at least one SO a M; Y represents OH, CI or morphollno group; 
and M represents H, Li, Na, K, ammonium or organic amine. 

1 1 . The aqueous ink according to Claim 7, wherein the ratio of content of said colored substance free of azo group to 
said compound represented by general formula (I) (by weight) is from 4 : 1 to 1 : 10. 

12. The aqueous Ink according to Claim 7, wherein the heterocycle formed by C, N and Y In the general formula (I) Is 
a 6-membered ring. 

13. The aqueous Ink according to Claim 7, wherein X in the general formula (I) is an oxyradical group. 

14. An aqueous Ink comprising at least a colorant, water as a main solvent and a compound represented by general 
formula (I) shown below, wherein the total content of metals and metal Ions contained in the compound represented 
by general formula (I) is not greater than 1 ,000 ppm: 



X 

R2^\ / R4 



(I) 



wherein Y represents a nonmetallic atom group required to form a 5- to 7-membered ring with C and N; X represents 
a hydrogen atom, oxyradical group, hydroxyl group, alkyl group, alkenyl group, alkinyl group, aryl group, acyl group, 
sulfonyl group, sulfinyl group, alkoxy group, aryloxy group or acyloxy group; and R 1 to R 4 may be the same or 
different and each represent a hydrogen atom or alkyl group, with the proviso that any two of R 1 to R 4 and Y may 
be connected to each other to form a 5- to 7-membered ring. 

15. The aqueous Ink according to Claim 1 4, wherein said compound represented by general formula (I) is a compound 
represented by general formula (II) having a water-soluble group W: 
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wherein W represents -OH group, -S0 3 H group, -S0 2 NH-(R) group, phenolic hydroxyl group, -CON(R)-OH group 
13 or -COOH group (In which R represents H or alkyl group). 

16. The aqueous ink according to Claim 14, wherein the total content of metal ions having a valence of two or more 
in said metal ions is not greater than 800 ppm. 

20 17. The aqueous ink according to Claim 1 4, wherein the total content of metals is not greater than 200 ppm. 

18. The aqueous ink according to Claim 1 4, wherein the total content of anions contained in the compound represented 
by the general formula (I) is not greater than 1 ,000 ppm. 

23 19. The aqueous ink according to Claim 14, wherein the heterocycle formed by C, N and Y in the general formula (I) 
is a 6-membered ring. 

20. The aqueous ink according to Claim 14, wherein X In the general formula (I) is an oxyradteal group. 

30 21 . An aqueous ink for InkJet recording comprising a compound represented by general formula (I) shown below and 
a colorant, wherein the surface tension thereof Is not greater than 40 mN/m: 



33 



40 



X 



wherein Y represents a nonmetallic atom group required to form a 5- to 7-membered ring with C and N; X represents 
a hydrogen atom, oxyradical group, hydroxyl group, alkyl group, alkenyl group, alkinyl group, aryi group, acyl group, 
sulfonyl group, sulfinyl group, alkoxy group, aryloxy group or acyloxy group; and R 1 to R 4 may bo the same or 
45 different and each represent a hydrogen atom or alkyl group, with the proviso that any two of R 1 to R 4 and Y may 
be connected to each other to form a 5- to 7-membered ring. 

22. The aqueous ink according to Claim 21 , wherein said compound represented by general formula (I) is a compound 
represented by general formula (II) having a water-soluble group W: 

so 



55 
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